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One of the rustrations of working with
gapjunction channls is the necessity to
view single channel propertes by volt-
age clamping cell pairs. Not only does
the burden of input resistance and ca-
pacitance make our recordings ofjunc-
tional channel activity noisier and less
crisp than those of nonjunctional chan-
nels ripped from the surfac on small
patches of membrane, but it also makes
it very difficult to perform serious
steady-state analysis of channel open
and closed times, because most gap
junctions have just too many channels
with high open probabilities in their
plaques. Thus, most of what we know
of the sizes of junctional channels has
come from studies where overall con-
ductance has been reduced reversibly
by pharmaological interventions.
Such studies on mammalian systems
have revealed characteristic conduc-
tance values for gap junction channels
made of different connexin proteins,
although multiple channel sizes are
present in most studies-even on trans-
fectants where a single connexin is ex-
pressed. It has thus remained ambigu-
ous whether the multiple channel sizes
might either reflect the presence of
multiple connexins or of single types of
gap junction channels but with subcon-
ductance states. To resolve this issue
and to gain mechanistic insight into
junctional gating experimental prepa-
rations with a small number of opera-
tional gap junction channels are clearly
desirable. Unfortunately, naturally oc-
curring prearations with only a few
operational channels are rare (Chanson
et al., 1993).
Experimental strategies to circum-
vent this problem have included at-
tempts to patch junctional memranes
directly (Manivannan et al., 1992), but
that technique has so far beenh red
by the strict requirement that the chan-
nels recorded must be proven to be
truly junctional. And at any rate, junc-
tional patching appears to be limited to
cells (such as Xnopus oocytes) large
enough that the region of former junc-
tional contact is recognizable after one
cell is ruptured. Another technique that
limits the number of functional chan-
nels is that employed by Bukauskas and
Weingart (1994), who have urrcted
the use of reaggregating dissociated
cells.
Reuniting isolated cells has a rich
history in the gap junction field, having
been used to study stutural changes in
junctional particles and appositional
membranes (so-called "formation
plaques") during gap junction for-
mation, to provide infomaton on lat-
eral diffusion of channel preursors
("hemichannels" or "connexons"), and
to demonstrate that only a small num-
ber offimctional channls is equired to
synchronize spontaneous activity in ex-
citable cells. Reaggregation has also
been used previously by Drs. Weingart
and Bukauskas and others to reveal
single channel currents in gap junctions
ofboth arthropods and vertebrates. The
advantage of such a prearation for the
study of single channels is that channel
formation occurs sigmoidally with
time; before the rate of channel accrual
reaches its maximum (in this system,
about 3 channels/min), there is a win-
dow of opportunity when only a single
channel exists, then another is added,
and so on. Although the period of time
is limited in which a very small number
of channels are present (and may be in-
adequate for detailed characterization
of channel kinetic properties), the
high input resistance of the insect cell
line and the large unitary conduc-
tances of the junctional channels in-
vestigated in this study allow exquis-
ite WlntnAoL- e individual
transitions, revealing unexpected be-
havior of the channels as the cells be-
gin to communicate.
The result is a finding of general in-
terest to gap junctonologist and chan-
nelologist alike: a gap junction channel
forms its intercellular connection be-
fore it opens, and after the channel is
sealed off from extracellular space it
transits through a low-conductance
state before ataining the main open-
channel conductance. This channel
substate is also preferentially occu-
pied when high transjunctional volt-
ages (V,s) are imposed, and interme-
diate unitary conductance values are
detected at intermediate V1s. Also in-
teresting is the finding that other fac-
tors (in the case of most arthropod
channels, closure occurs upon cell
depolarization, regardless of V.) can
gate the main state without obligate
occupancy of the subconductance
state, reinforcing the old concept that
different gating mechanisms may op-
erate through distinct conformational
changes. That this finding is general-
izable to the vertebrate connexins
was shown in last month's issue of
Biophysical Journal, where the car-
diac gap junction connexin was
shown to possess a substate at high Vj
that was not entered into upon closure
by halothane (Moreno et al., 1994); it
is apparently this substate that is re-
sponsible for the prominent voltage-
insensitive component of junctional
conductance (termed "g ") that has
now been observed for gating by Vi
in numerous cell types.
Now that gap junction substates are
out in the open, a question that is beg-
ging an answer is whether the reduced
conductance is associated with re-
stricted permeability or with altered
charge selectivity. Although in excit-
able tissues gap junction annels pri-
marily function to exchange small cat-
ions (termed "ionic coupling"), their
role in most cells is presumably the
excange of second-messenger mole-
cules (termed "metabolic coupling" or
"metabolic cooperativit", many of
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which are large anions (e.g., cAMP,
IP3). Therefore, if different connex-
ins or different conductance states of
the same channel are associated with
different selectivities (see Veenstra
et al., 1994), modulated isoform ex-
pression could become a major con-
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